ABSTRACT A failure of the usual increase in plasma adrenaline and noradrenaline concentrations during submaximal exercise has been suggested as a contributory cause of exercise induced asthma. Six normal subjects and six asthmatic patients underwent a standard graded maximal exercise test.
Circulating catecholamine concentrations increase during exercise in normal subjects.`'3 The concentrations of adrenaline found during exercise have been reproduced by low dose infusion and have been shown to cause bronchodilatation in both normal subjects24 and asthmatic patients.5 Catecholamines may also have indirect effects on airway calibre; studies have shown that stimulation of J receptors on pulmonary mast cells inhibits their degranulation6 and noradrenaline may have an inhibitory effect on vagal transmission, as has been shown in animals.78 Thus a failure of the usual increase in catecholamine concentrations during exercise could contribute to the exercise induced airway narrowing seen in some asthmatic patients. Recent studies, using a modern catecholamine ass'ay, have found impaired catecholamine responses to exercise in asthmatic patients '9 and have suggested that sympathoadrenal failure may be one mechanism contributing to exercise induced asthma.
Larsson,'°however, was able to show an adrenaline response to submaximal exercise in asthmatic patients, Address for reprint requests: Dr K E Berkin, Department of Respiratory Medicine, General Infirmary, Leeds LSI 3EX. Accepted 15 December 1987 although the increase in both asthmatic and normal subjects was modest. The increase in catecholamines during exercise is dependent on the work load achieved,3 and is modest at submaximal work loads.
Previous studies in asthmatic patients have used submaximal work loads, and have not shown, with measurements of oxygen consumption, that the work loads achieved were equivalent in the two groups.
In view of these conflicting results and of the important implications of sympathoadrenal failure in asthmatic patients we assessed the catecholamine response to exercise in normal subjects and asthmatic patients, using a modern radioenzymatic assay." So that they would achieve similar work loads during a maximal exercise test, the two groups were matched for age, weight, and general physical activity. All subjects were familiar with treadmill exercise, during which we recorded oxygen consumption and minute ventilation.
Methods
Six asthmatic and six normal men with no history of respiratory disease gave informed consent to the study, which had been approved by the hospital ethical committee. The asthmatic patients had a previously 295 
Results
The asthmatic patients were similar in age, weight, and height to the normal subjects (table 1). The mean exercise time was slightly less in the asthmatic group (16 7 (SEM 0-96) min) than in the normal subjects (17 8 (1[12) min), as were the other indices of peak work load achieved (peak heart rate, systolic blood pressure, oxygen consumption, and minute ventilation) (table 1). These differences were small, however, and not significant. Raised blood lactate concentrations confirmed that both groups-had achieved anaerobic metabolism during exercise (table 2). Circulating adrenaline and noradrenaline concentrations in exercise induced asthma work loads, but they increased more sharply at higher work loads, corresponding to the increase in blood lactate. The baseline noradrenaline concentration was 2-0 (0 7) nmol/I in the normal subjects and 1 9 (0 8) nmol/l in asthmatic patients. The peak noradrenaline concentration in normal subjects (14.3 (2-1) nmol/l) did not differ significantly from that seen in the asthmatic patients (13-7 (5.2) nmol/l). Individual adrenaline and noradrenaline concentrations at peak exercise are shown in figure 2. Baseline mean FEV, was 4-1 (0.2) 1 in normal subjects and 3 7 (0 2) 1 in asthmatic patients, 91% (5%) of predicted values. After exercise asthmatic patients showed a 20% (5-3%) fall in mean FEV, in contrast to the normal subjects, who showed a slight rise in mean FEV,.
Baseline (supine) mean adrenaline concentration in the normal subjects was 0 05 (0 03) nmol/l and in the asthmatic patients 0 12 (0-04) nmol/l. The peak adrenaline concentration in the normal subjects was 2-7 (1 2) nmol/l and in the asthmatic subjects 1-6 (0-8) nmol/l (fig 1) . These differences were not significant. There was substantial variation in plasma adrenaline between individuals but each individual showed a progressive increase during exercise. The increases in plasma adrenaline concentrations were small at low 4. 6 Asthmatic patients achieved work loads similar to those of the normal subjects as measured by oxygen consumption. The other variables recorded (exercise time, heart rate, and minute ventilation) give an approximate indication ofwork load achieved, but are influenced by other factors such as physical fitness, weight, height, and familiarity with the exercise test in question.'5 Our patients were judged to be similar in physical fitness and were similar in body weight and height to the control group and all subjects were familiar with treadmill exercise. Hence exercise time, heart rate, and minute ventilation were similar in the two groups.
Both groups showed significant increases in adrenaline concentrations during the exercise test, although A 298 the increase was not great until a high work load was achieved and anaerobic metabolism occurred.'6 Adrenaline concentrations of this magnitude exceed the thresholds at which the metabolic and haemodynamic effects of adrenaline are seen.'7 The mean peak adrenaline concentration was slightly lower in the asthmatic group, but the difference was not significant. There were individual variations in the peak concentration achieved in both groups and a small difference between normal subjects and asthmatic patients cannot be excluded. A study including large numbers of patients would be required to ensure that a type II statistical error had not occurred. The variability in plasma adrenaline concentrations at high exercise levels has been noted elsewhere.3 Clearly, however, both individually and as a group, patients were able to increase adrenaline concentrations during exercise much the same as the normal subjects in this and another study.' Moreover, measurements that reflected sympathetic nerve activity, such as noradrenaline concentration, heart rate, and blood pressure, showed no significant differences between the groups. These observations do not support the suggestion that abnormal adrenaline release or metabolism, or both, or sympathetic nerve failure occur in asthmatic patients.
Several previous studies using the older, less sensitive fluorimetric method for measurement of plasma catecholamines did not detect any difference in catecholamine response to exercise between asthmatic and normal subjects.'8 9 Two recent studies, however, using a modern and more sensitive radioenzyme assay for catecholamines, have reported a failure of the usual increase in catecholamine concentrations during exercise in asthmatic patients. '9 In the study by Barnes et al' maximum work load, which appeared to be well matched in the two groups as judged by minute ventilation, heart rate, and body weight, corresponded approximately to stage 4 of exercise in our study. At this point plasma adrenaline concentrations in the asthmatic patients in both studies were similar (about 0-5 nmol/l). The more substantial increase (1 39 (0 18) nmol/l) in the normal schoolchildren studied by these workers may have been due to the children's lack of familiarity with intravenous cannulas and treadmill exercise, in contrast to the asthmatic patients. In the study by Warren et unlikely, as any important mechanism in the pathogenesis of exercise induced asthma would be expected to be present in all asthmatic patients. Furthermore, there seems little doubt that asthmatic patients respond similarly to normal subjects in releasing adrenaline in response to insulin induced hypoglycaemia202' and histamine infusion.20 A study of patients with acute asthma, however, failed to find any increase above normal of plasma adrenaline concentrations. 22 This was a surprising observation, as a rise in plasma adrenaline would be anticipated in such stressful circumstances and noradrenaline concentrations were increased, indicating that. -the patients were able-to mount a normal sympathetic nerve response. Patients with other acute illnesses, such as myocardial infarction, may have increased circulating adrenaline concentrations, although substantial increases are usually confined to those with shock.23 There has been no identification of a positive feedback system from the lungs to the adrenal medulla whereby bronchoconstriction per se results in adrenaline release, and hypoxia does not appear to stimulate adrenaline output, at least in normal man. 24 The increases in adrenaline concentrations in stressful conditions such as acute asthma may be transient and peak concentrations may occur before admission to hospital, unless the patient is severely compromised haemodynamically. The same authors have subsequently recorded very high adrenaline concentrations (mean 6 69 nmol/l) in two patients who had acute severe asthma resulting in acidosis and carbon dioxide retention.2' Asthmatic patients, then, appear unlikely to have deficient sympathoadrenal responses, and this study does not support the suggestion that sympathoadrenal failure occurs during exercise in patients with asthma.
